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Multi-modal minimally invasive holographic endoscope for deep brain imaging

The methods of holographic endoscopy have recently emerged as a powerful platform to
introduce sub-cellular resolution microscopy deep inside tissues of living organisms, including
brain. Our laboratory of Complex Photonics (lead by Prof. Cizmar) has been developing cutting
edge multi-mode fibre based endoscopes and applying them in brain imaging in animal models
in vivo. These minimally-invasive endoscopes can reach deep subcortical locations in the brain
which are not accessible by other optical methods of similar resolution.

This PhD work will focus on expanding the capabilities of the system with two new modalities:
optical manipulation of cells using optogenetics and extracellular electrophysiological
recordings. Optogenetics is a unique tool that enables manipulation of cellular activity with
light. Electrophysilogy has been a golden standard method of neuroscience for the past fifty
years which allows recordings of local field potentials (LFP) and multi-unit activity (MUA) of
neurons. Uniquely, these modalities will be implemented within the same thin endoscopic probe
which serves for imaging. Implementation of electrophysiology will be carried out in
collaboration with Prof. Massimo de Vittorio and Dr. Ferruccio Pisanello (Instituto Italiano de
Technologia).

The candidate will develop/modify optical setups and the software for hardware control and
data acquisition and processing (Lab View, Matlab, C++). Knowledge and experience in
programing or optical set-up building is required. Experience with microscopy, fluorescence
microscopy or electrophysiology is desirable.

The work will be carried out at the Institute of Scientific Instruments of the Academy of
Sciences of the Czech Republic with the possibility of full-time employment. The PhD student
will be a part of a European Commision project “DEEPER: Deep brain photonic tools for cell-
type specific targeting of neural diseases”, which is funded within the European Union’s
Horizon 2020 research and innovation actions scheme as is just starting at this institute. This
Consortium clusters world-leading experts in molecular photonic tools, optical technology, pre-
clinical, clinical brain research and innovative start-ups in an endeavour of providing new tools
to tackle the mechanisms underlying the pathogenesis of neurological disease.

In case of interest, please contact Hana Uhlirova at huhlirova@isibrno.cz.

Supervisor: Dr. Hana Uhlifova

Discipline keywords: Applied Physics, Fiber optics, Endoscopy, Optical set-ups, In vivo
imaging, Fluorescence, Optogenetics, Electrophysiology, Local field potentials, LFP, Multi-
unit activity, MUA, MATLAB, Lab View, C++
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Multi-modalni minimalné invazivni endoskop pro hloubkové zobrazovani mozku

Metody holografické endoskopie zaZivaji v posledni dobé nebyvaly rozvoj, umoziiuji
zobrazovani hluboko v tkani zivych organismi, véetné mozku se sub-bunéénym rozliSenim.
Laboratof Komplexni fotoniky (vedend Pro. Tomasem CiZmarem) se zabyva vyvojem
nejmodernéjSich endoskopi zaloZzenych na multi-modovych vldknech a jejich aplikacemi pro
zobrazeni mozku mySich modeld in vivo. Tyto minimalné invazivni endoskopy mizou byt
zavedeny do struktur mozku lezicich hluboko pod mozkovou kirou, jejichZ zobrazeni neni
dostupné v podobném rozliseni Zadnou jinou metodou.

Tato doktorska prace bude zaméfena na rozsifeni funkce systému 0 dvé nové modality:
optickou manipulaci bunék pomoci optogenetiky a extracelularni elektrofyziologii.
Optogenetika je unikatni nastroj, ktery umoziiuje manipulaci bunétné aktivity svétlem.
Elektrofyziologicka méfeni jsou zlatym standardem v neurovédach za poslednich padesat let.
Umoznuji zaznam potencialt blizkého pole (local field potentails, LFP) a jednotkovou aktivitu
neurond (multi unit aktivity, MUA). Tyto modality budou implementovany na stejnou tenkou
endoskopickou sondu, kterd slouZi i k zobrazovani. Implementace elektrofyziologie bude ve
spolupraci s Prof. Massimem de Vittorio a Dr. Ferruciem Pisanellem (Instituto Italiano de
Technologia).

Kandidat/ka bude vyvijet/modifikovat optické sestavy a software pro fizeni experimentu,
zaznam dat a jejich zpracovani (Lab View, Matlab, C++). PoZadujeme znalost a zkuSenost s
programovanim nebo stavbou optickych sestav. ZkuSenosti s mikroskopii, fluorescenéni
mikroskopii ¢i elektrofyziologii jsou Zadané.

Projekt bude realizovan na Ustavu piistrojové techniky Akademie véd Ceské Republiky
s moznosti plného Gvazku. Doktorand bude soucasti projektu Evropské komise ,,DEEPER:
Deep brain photonic tools for cell-type specific targeting of neural diseases”, ktery je
financovany v ramci schématu Evropské Unie Horizon 2020, vyzkum a inovace a pravé na
Ustavu startuje. Toto konsorcium sdruzuje svétové Spicky v oblasti molekularnich fotonickych
nastroju, optickych technologii, pre-klinickem a klinickém vyzkumu a inovativni start-upy ve
snaze vyvinout nové néstroje pro odhaleni a boj s patologii neurologickych onemocnéni.

V ptipad¢ zajmu kontaktujte prosim Hanu Uhlifovou na huhlirova@isibrno.cz.
Skolitel: Dr. Hana Uhlifova
Kli¢ova slova: aplikovana fyzika, vlaknova optika, endoskopie, optické sestavy, in-vivo

zobrazovani, fluorescence, optogenetika, elektrofyziologie, potencialy blizkého pole, LFP,
jednotkov8 aktivita neuroni, MUA, MATLAB, Lab View, C++
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